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ABSTRACT 
Background: Delayed passage of first stool by a newborn after birth might be 
an initial sign of clinical problems, such as meconium ileus, meconium plug syn- 
drome, and intestinal atresia. Successful treatment of these conditions depends 
on early diagnosis, so it is imperative to note the time of first stool passage. 
Objective: The aim of this study was to assess the timing of first stool pas- 
sage by preterm newborns in relation to antenatal exposure to magnesium sul- 
fate (MgSO 4) and a glucocorticoid (betamethasone) and to other perinatal fac- 
tors, such as gestational age, respiratory distress syndrome (RDS), and time of 
first enteral feeding. 
Methods: The subjects in this prospective, open study were preterm new- 
borns who were born before 37 weeks' gestation and admitted to the neonatal 
intensive care units of Baskent University, Adana Teaching and Research Center, 
and Inonu University, Turgut Ozal Medical Center, between June 2003 and August 
2004. Effects of antenatal exposure to MgSO 4 and glucocorticoid on the timing 
of first stool passage were assessed by comparing findings in exposed new- 
borns to findings in an equal-sized group of gestational-age-matched subjects, 
derived from the study cohort,  who were not exposed. Relationships between 
time of first stool passage and both gestational age and time of first enteral feed- 
ing were assessed. 
Results: Two hundred premature newborns (112 males, 88 females) were 
included in the study. The median age at the time of first stool passage was 
16 hours, and 187 (93.5%) passed their first stool by 72 hours after birth. 
Delayed passage of first stool was noted in 33 (16.5%) newborns. One hundred 
sixty-eight (84.0%) newborns passed stool before enteral feeding was started. 
Gestational age and time to first enteral feeding were both significantly corre- 
lated with time of first stool passage (gestational age: r = -0.259, P < 0.001; first 
enteral feeding: r = 0.168, P = 0.017). Time of first stool passage was significantly 
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later in 46 newborns with RDS than in 46 gestational-age-matched newborns 
without RDS (mean [SD], 44.7 [39.7] vs 20.5 [18.4] hours, respectively; P< 0.05). 
The newborns whose mothers had received MgSO 4 for tocolysis passed their 
first stool significantly ater than gestational-age-matched ontrols (mean [SD], 
26.5 [26.9] vs 11.3 [12.1] hours, respectively; P < 0.05). Antenatal exposure 
to betamethasone was not significantly correlated with timing of first stool 
passage. 
Conclusions: The results suggest that delayed passage of first stool in these 
preterm newborns was associated with gestational immaturity, delayed first 
enteral feeding, and RDS. Antenatal maternal exposure to MgSO 4 was associated 
with later first stool passage in these preterm newborns, whereas antenatal 
exposure to betamethasone was not. (Curt Ther Res Clin Exp. 2006;67:214-225) 
Copyright © 2006 Excerpta Medica, Inc. 
Key words: preterm newborn, first stool passage, glucocorticoid, magnesium 
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INTRODUCTION 
Delayed passage of first stool by a newborn after birth might be an initial sign 
of clinical problems, such as meconium ileus, meconium plug syndrome, intes- 
tinal atresia, and other forms of gastrointestinal obstruction. 1 Successful treat- 
ment of these conditions depends on early diagnosis, so it is imperative to note 
the time of first stool passage. More than 99% of healthy full-term newborns 
pass their first stool within 48 hours of birth. 2,3 Delayed passage of first stool 
has been reported in preterm newborns, and there was an inverse relationship 
between gestational ge and time of first stool passage. 4-7 
Jhaveri and Kumar 6 compared findings in 2 groups of very-low-birth-weight 
(VLBW) (birth weight <1500 g) newborns: 35 neonates with delayed passage of 
first stool (defined as >48 hours after birth) and 136 with nondelayed passage 
of first stool. Their analysis revealed that late passage of first stool was statisti- 
cally associated with extreme prematurity (25-27 weeks), severe respiratory 
distress yndrome (RDS), and delayed enteral feeding. Delayed stool passage in 
newborns 25 to 27 weeks gestational ge was compared with newborns 28 to 
30 weeks: 43.4% versus 20.4%, respectively, P< 0.02; RDS in delayed and nondelayed 
groups: 46% versus 17%, respectively, P < 0.01; and time of first enteral feeding in de- 
layed and nondelayed groups: mean (SD), 168 (22.7) hours versus 91 (11.7) hours, 
respectively, P < 0.01. Preterm newborns are also frequently exposed to magne- 
sium sulfate (MgSO4) and glucocorticoids in the antenatal period. Brazy et al 8 
compared time to passage of first stool in 28 preterm newborns with antenatal 
MgSO 4 exposure to findings from 28 gestational-age-matched newborns who 
were not exposed to this chemical before birth. These authors defined delayed 
stool passage as >24 hours after birth and observed a significantly higher inci- 
dence of delay in the group with MgSO 4 exposure than in the group that was not 
exposed (50% vs 21%, respectively; P < 0.05). In contrast, other studies have 
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indicated that antenatal exposure to MgSO 4 had no effect on timing of first 
stool. 4,6,9,1° Only one published study was identified that assessed the effect of 
antenatal steroids on the time of first stool passage in preterm newborns. 4 
(Literature was reviewed through 2006 with MEDLINE using the following key 
terms: first stool passage, antenatal betamethasone, and preterm newborn.) That 
analysis suggested that a group of 61 newborns who had been exposed to 
glucocorticoids before birth passed their first stool earlier than a group of 
61 newborns who were not exposed to glucocorticoids (the median time of 
first stool was 13 hours vs 27 hours, respectively; P < 0.005). 
Many factors are linked to first stool passage in newborns who do not have 
obstructive gastrointestinal conditions. 4,6,8 These include gestational ge, time of 
first enteral feeding, severe RDS, and medications taken by the mother during 
pregnancy. The aim of this study was to assess the timing of first stool passage in 
preterm newborns relative to antenatal MgSO 4 exposure, antenatal glucocorti- 
coid exposure, and other perinatal factors (gestational ge, RDS, and time of first 
enteral feeding). 
PATIENTS AND METHODS 
This open, prospective study included consecutive preterm newborns (<37 weeks' 
gestational age) who were admitted to the neonatal intensive care units of 
Baskent University, Adana Teaching and Research Center (Adana, Turkey), and 
Inonu University, Turgut Ozal Medical Center (Malatya, Turkey), between June 
2003 and August 2004. 
The exclusion criteria were congenital anomaly, birth at another hospital and 
admission to our center after 24 hours of age with no information on stool pas- 
sage, death before stool passage, and development of necrotizing enterocolitis 
before stool passage. 
For each case, we recorded etails of the antenatal, natal, and postnatal peri- 
ods (with particular attention paid to maternal illnesses and medications), 
mode of delivery, Apgar scores, RDS, time of first enteral feeding, and time of 
first stool passage. Enteral feeding (intermittent bolus orogastric or oral feed- 
ing) was started when each newborn was clinically stable, and volumes were 
increased gradually according to tolerance. All newborns were studied from 
admission through discharge. 
Newborns that passed their first stool within the first 48 hours of life were 
classified as nondelayed, and those who passed their first stool after 48 hours 
were classified as delayed. Each newborn with delayed first stool passage was 
investigated using abdominal radiography in the upright position. Films were 
assessed for ileal or intestinal obstruction. A water-soluble contrast enema 
was administered to any newborn with delayed stool passage who exhibited 
mild to moderate gastrointestinal symptoms. Each of the neonates with 
delayed first stool passage was also tested for cystic fibrosis using genetic 
analysis. 
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Antenatal exposure to MgSO 4 and the glucorticoid were recorded for each 
case, and the effects of these drug exposures on timing of first stool passage 
were analyzed. MgSO 4 was administered to mothers for tocolysis during pre- 
term labor when delivery was imminent. A 20% solution of MgSO 4 was used, 
with a 4-g IV loading dose followed by infusion at 2 to 3 g/h. The glucocorticoid, 
betamethasone, was administered to the mother in two 12-mg doses, 24 hours 
apart, 24 to 48 hours before delivery. 
All of the newborns underwent  rout ine screening for congenital  
hypothyroidism. 
The study was approved by our institutional research ethics committee and 
written informed parental consent was obtained before enrollment. 
Statistical Analysis 
Statistical calculations were performed using SPSS for Windows, version 11.0 
(SPSS Inc., Chicago, Illinois). The Mann-Whitney U test or Student test was 
used, according to data distribution. Qualitative variables were compared using 
the X 2 test. Relationships between variables were assessed using the Pearson 
correlation coefficient. Values are expressed as mean (SD). P < 0.05 was consid- 
ered statistically significant. 
RESULTS 
Two hundred twenty-eight newborns were admitted to the neonatal intensive 
care units during the study period. Of these, 28 newborns were excluded for the 
following reasons: congenital anomalies (5 cases), outborn newborns admitted 
after 24 hours of age with no information on stool passage (16), death before 
stool passage (4), and necrotizing enterocolitis before the first stool (3). 
The perinatal variables tudied in the 200 preterm newborns (112 males, 
88 females) that were included in the study are shown in Table I. The mean (SD) 
gestational age was 32.5 (2.5) weeks (range, 25-36 weeks) and the mean (SD) 
birth weight was 1612.9 (401.8) g (range, 770-3160 g). The median age at time of 
first stool passage was 16 hours (range, 1-168 hours). None of the 200 new- 
borns passed meconium prior to delivery (ie, no meconium-stained amniotic 
fluid was detected). None of the newborns received glycerin suppositories or 
rectal stimulation before passage of the first stool. 
One hundred ninety-two (96.0%) of the newborns passed their first stool by 
day 4, and all 200 did so by day 7 (Table II). 
Table III shows the results for time of first stool passage by gestational ge. 
The median age at initiation of enteral feeding was 16 hours (range, 0-456 hours). 
One hundred sixty-eight (84.0%) of the newborns had passed their first stool 
before this form of feeding was started. 
Delayed passage of first stool was noted in 33 (16.5%) newborns. None of the 
newborns with delayed first stool passage had cystic fibrosis, hypothyroidism, or 
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Table I. Perinatal  characteristics in preterm newborns  (N = 
200).* 
Characteristic No. (%) 
Gestational age, wk t 
_<28 19 (9.5) 
29-32 77 (38.5) 
>32-<37 104 (52.0) 
Sex 
Male 112 (56.0) 
Female 88 (44.0) 
Birth weight, g* 
_<1000 15 (7.5) 
1001-1S00 61 (3o.s) 
>1500 124 (62.0) 
Mode of delivery 
C/S 123 (61.5) 
Vaginal 77 (38.5) 
Apgar score at 5 min§ 
_<5 38 (19.0) 
>5 162 (81.0) 
SGA 49 (24.5) 
Severe RDS 46 (23.0) 
C/S = cesarean section; SGA = small for gestational age (birth weight below 
the 10th percentile for gestational age); RDS = respiratory distress syndrome. 
*No significant between-group differences were found. 
tMean (SD), 32.5 (2.5) weeks. 
*Mean (SD), 1612.9 (401)grams. 
§Apgar scoring scale: Five factors are used to evaluate a baby's condition 
and each factor is scored on a scale of 0 to 2: heart rate (pulse), breathing 
(rate and effort), activity and muscle tone grimace response (medically 
known as "reflex irritability"), and appearance (skin coloration). Scores obtain- 
able are between 10 and 0, with 10 being the highest possible score. 
gastrointestinal problems, such as meconium ileus, meconium plug syndrome, 
intestinal atresia, or other forms of intestinal obstruct ion (eg, Hirschsprung's 
disease). 
There were no significant differences in mean time of first stool when newborns 
were categorized according to sex, mode of delivery, or birth weight for gestational 
age (ie, appropriate vs small). 
Forty-six (23.0%) of the 200 newborns had RDS. The mean (SD) time of first stool 
passage in this subgroup was significantly later than that of the 46 gestational- 
age-matched newborns without RDS (44.7 [39.7] vs 20.5 [18.4] hours, respec- 
tively; P< 0.05). 
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Table II. Distribution of times of first stool passage of the 
study preterm newborns (N = 200). 
First Stool, h No. (%) C% 
0-24 140 (70.0) 70.0 
25-48 27 (13.5) 83.5 
49-72 20 (10.0) 93.5 
73-96 5 (2.5) 96.0 
97-120 3 (1.5) 97.5 
121-144 2 (1.0) 98.5 
145-168 3 (1.5) 100 
C% = cumulative percentage. 
Table III. Time of first stool passage by gestational age (N -- 
200). 
First Stool 
Gestational Passage, 
Age, wk No. (%) mean (SD), h 
25-26 5 (2.5) 51.2 (30.3) 
27-28 14 (7.0) 41.3 (40.9) 
29-30 23 (11.5) 34.7 (29.6) 
31-32 54 (27.0) 27.6 (30.9) 
33-34 54 (27.0) 21.2 (32.2) 
35-36 50 (25.0) 20.1 (23.2) 
Gestational age and time of first enteral feeding were both significantly cor- 
related with time of first stool passage (r = -0.259, P < 0.001; and r = 0.168, P = 
0.017, respectively) (Figures 1 and 2). There was no significant correlation be- 
tween birth weight and time of first stool passage. 
Thirty-five (17.5%) of the 200 newborns had been exposed to MgSO 4 prior 
to birth. Eight of the 35 newborns were exposed to both MgSO 4 and beta- 
methasone prior to birth, and these data were excluded from the MgSO 4 portion 
of the analysis. Findings for the 27 (13.5%) newborns who had been exposed 
to MgSO 4 antenatally were compared with findings for the 27 gestational- 
age-matched newborns who had not been exposed to this substance (con- 
trois). The mean (SD) time to first stool passage in the group with antenatal 
MgSO 4 exposure was significantly later than that in the control group (26.5 
[26.9] vs 11.3 [12.1] hours, respectively; P< 0.05) (Table IV). The mean (SD) time 
of first enteral feeding in the subgroup with antenatal MgSO 4 exposure was not 
significantly different from that of the controls (50.1 [60.3] vs 56.0 [48.3] hours, 
respectively). 
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Figure 1. The relationship between time of first stool passage and gestational age in 
200 preterm newborns who were born _<37 weeks' gestation. 
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Figure 2. The relationship between time of first stool passage and time of first enteral 
feeding in 200 preterm newborns who were born _<37 weeks' gestation. 
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Table IV. Newborns with antenatal exposure to magnesium sulfate (MgSO4) 
compared with controls. Values are expressed as mean (SD). 
MgSO 4 
Exposed Controls 
(n = 27) (n = 27) 
Birth weight, g 1492.6 (310) 1514.3 (376) 
Gestational age, wk 31.8 (2.5) 31.8 (2.5) 
Time to first stool, h 26.5 (26.9) 11.3 (1 2.1)* 
Time of first enteral feeding, h 50.1 (60.3) 56.0 (48.3) 
*P < 0.05. 
Forty-five (22.5%) of the 200 newborns had been exposed to betamethasone 
prior to birth. In addition to the above-mentioned 8 newborns who had been 
exposed to both MgSO 4 and betamethasone prior to birth, 2 other newborns, 
who could not be matched for gestational ge in the cohort, were excluded from 
the betamethasone portion of the analysis. Thus, time of first stool passage was 
compared in 35 (17.5%) newborns who had been exposed to betamethasone 
and 35 gestational-age-matched n wborns who had not been exposed to 
betamethasone. None of the neonates whose mothers had received MgSO 4 or 
betamethasone antenatally had RDS or any other illness (eg, early neonatal sep- 
sis and/or pneumonia, transient tachypnea of the newborn, meconium aspira- 
tion syndrome, or pulmonary air leak syndrome). 
The findings for the 35 newborns who had been exposed to betamethasone 
antenatally were compared with the findings for the 35 gestational-age-matched 
newborns who had not been exposed to this agent (controls). The mean (SD) 
time to first stool passage and the mean (SD) time to first enteral feeding in these 
2 groups were not significantly different (first stool passage: 34.1 [36.6] vs 25.2 
[22.5] hours, respectively; first enteral feeding: 54.8 [52.2] vs 48.9 [43.1] hours, 
respectively) (Table V). 
DISCUSSION 
Thirty-three (16.5%) of the 200 premature newborns in our study passed the first 
stool >48 hours after birth, and analysis revealed a significant inverse relation- 
ship between gestational age and time to first stool. The definition of delayed 
stool passage and the causes of this problem in preterm newborns differ from 
the definition and causes in full-term newborns. Earlier studies have found that 
>95% of healthy full-term newborns pass their first stool within 24 hours of 
birth. 1,6 Several investigations have revealed that low-birth-weight newborns 
might exhibit delayed passage of meconium. According to these studies, only 
80.0% of 500 newborns of birth weight <2500 g, 77.5% of 111 newborns of birth 
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Table V. Newborns with antenatal exposure to betamethasone com- 
pared with controls.* Values are expressed as mean (SD). 
Betamethasone 
Exposed Controls 
(n = 35) (n = 35) 
Birth weight, g 1412.6 (340) 1504.5 (275) 
Gestational age, wk 32.0 (2.2) 32.0 (2.2) 
Time of first stool, h 34.1 (36.6) 25.2 (22.5) 
Time of first enteral feeding, h 54.8 (52.2) 48.9 (43.1) 
*No significant between-group differences were found. 
weight <1500 g, and 76.0% of 80 newborns born at <37 weeks' gestation passed 
first stool within the first 24 hours of life. 3,5,u,12 Our results support hese find- 
ings. In our series of 200 newborns born at <37 weeks' gestation, 70% passed 
their first stool within 24 hours. 
In 1987, Jhaveri and Kumar 6 found that extreme prematurity (25-27 weeks' 
gestational ge), severe RDS, and delayed enteral feeding were all significantly 
associated with late passage of first stool (>48 hours after birth) in VLBW new- 
borns of 25 to 35 weeks' gestational ge. Wang and Huang 5also found that pre- 
maturity and delayed enteral feeding were significantly associated with delayed 
passage of first stool in VLBW newborns. In our series of 200 preterm neonates, 
we found an inverse relationship between gestational ge and time to first stool. 
In general, we observed that the lower the gestational ge, the later the passage 
of first stool. We also found that delayed first enteral feeding was associated 
with delayed passage of first stool in preterm newborns. 
Physiologic immaturity of the motor mechanisms of the gut probably con- 
tributes to delayed passage of first stool in VLBW newborns. The integrated 
peristaltic function of the immature bowel continues to develop as gestational 
age advances. 13Research as suggested that the contractile pressure in the pre- 
mature intestine at 25 weeks' gestation is 60% of that in full-term newborns. 14 
McLain 15 found increased gastrointestinal motility with advanced gestational 
age using amniography. Gastrointestinal motility in newborns of 25 to 35 weeks' 
gestational age is disorganized, composed of irregular low-amplitude waves of 
contractions and no coordinating or propagating waves. Because the develop- 
mental maturation of bowel function is ongoing, these newborns exhibit intes- 
tinal hypomotility with consequent delay in meconium passage. Jhaveri and 
Kumar 6 noted delayed passage of first stool (>48 hours) in 20.4% of the 171 VLBW 
newborns they studied. In an investigation of bowel habits in 844 preterm 
neonates, Weaver and Lucas 7 observed elayed passage of first stool (>48 hours) 
in 32% of the subjects. In our study, we noted this condition in 16.5% of 200 pre- 
term neonates. None of these newborns developed necrotizing enterocolitis or 
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other gastrointestinal complications during the hospital stay. Thus in the 
absence of other clinical findings, such as bilious vomiting, bilious aspirates, 
and/or abdominal distension, extensive valuation and intervention might not 
be indicated for premature newborns with delayed stool passage. 
Enteral feeding triggers secret ion of gut hormones  including gastrin, 
secretin, cholecystokinin, and enteroglucagon. All of these hormones are criti- 
cal to the secretory  function of target organs, such as the stomach, pancreas, 
and small intestine. Lucas et a116 observed that preterm newborns fed enterally 
were associated with a significant postnatal increase in plasma motilin (P < 
0.01), whereas those who received IV dextrose from birth were not associated 
with a change in plasma levels of this hormone. Higher levels of motilin in the 
neonatal period might increase the efficiency of intestinal motor function. 16 Our 
finding of a correlation between delayed enteral feeding and late passage of first 
stool suggests that enteral feeding of preterm newborns might enhance gas- 
trointestinal motility and encourage meconium passage. 
Newborns with RDS exhibit delayed gastric emptying, and this can adversely 
affect gut motility. 17 In our series, the mean time of first stool passage in 46 pre- 
mature newborns with RDS was significantly later than that of 46 gestational- 
age-matched controls. Newborns with RDS are likely to be tachypneic and to 
exhibit more severe dehydrat ion than newborns without RDS. These factors 
might affect the time of first stool passage. Our neonates with RDS also tended 
to have delayed first enteral feeding. The mean time of first enteral feeding in 
the RDS subgroup was significantly later than that in the controls. Our results 
suggest hat RDS might be a contributing factor rather than a pr imary cause of 
delayed passage of first stool. 
MgSO 4 is a mainstay in the management of preterm labor and preeclampsia/  
eclampsia. Increased serum levels of MgSO 4 depress neuromuscular  t ansmis- 
sion and might lead to colonic hypomotility. 4 Hutchinson et a118 demonstrated that 
magnesium has a direct depressant effect on smooth muscle cells. Clinical re- 
search on newborns and in vitro studies has suggested that high serum concen- 
trations of magnesium inhibit intestinal motility. 1Brazy et al 8 found that newborns 
whose mothers received MgSO 4 during pregnancy had significantly delayed pas- 
sage of first stool, and the results of our study confirm this. However, even in the 
27 newborns who were exposed to MgSO 4, the mean time to first stool passage 
was <48 hours. In contrast, other investigations have suggested that antenatal 
exposure to MgSO 4 has no effect on time of first stool passage. 4,6,9,1° 
Significantly increased uodenal motility and induction of enzyme activity in 
the gastrointestinal mucosal epithelium have been observed in newborns with 
antenatal exposure to betamethasone. 19 Costalos et al 2° suggested that glucocor- 
t icoid administrat ion during the antenatal  per iod was associated with high 
plasma gastrin levels in newborns at birth and resulted in a marked postnatal 
increase in plasma motilin levels. Kumar and Dhanireddy 4 observed that ante- 
natal betamethasone exposure was associated with earlier stool passage in pre- 
mature newborns (the median time of first stool passage was 13 hours in 61 new- 
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borns exposed to betamethasone and the median time of first stool passage 
was 27 hours  in 61 newborns  not exposed  to betamethasone;  P < 0.005). It 
seems logical to speculate that antenatal steroids might reduce the likelihood 
of delayed stool passage through prevention of RDS. However, in the 35 new- 
borns with antenatal betamethasone exposure that we studied, the mean time 
to first stool passage was not significantly different from that in 35 gestational- 
age-matched controls. In contrast  o the results of Kumar and Dhanireddy, we 
found that antenatal exposure to betamethasone was not associated with the 
timing of first stool passage in preterm newborns.  
Furthermore, because of the poor soc ioeconomic ondit ions in eastern 
Turkey, most  pregnant women in that region receive limited or no antenatal 
monitoring. Most of the mothers  of the newborns  in our study were hospital- 
ized short ly  before delivery. Only women receiving regular care at our centers 
received antenatal steroids, which explain the low rate of antenatal steroid 
exposure in our study. 
This s tudy had some limitations. The specific doses of MgSO 4 and steroids 
that were administered and the timing of drug administrat ion relative to birth 
were not recorded. In addition, we did not assess maternal  serum magnesium 
levels prior to del ivery or neonatal  serum magnesium levels in the first day of 
life. Consequently, the relationship between the timing of drug administrat ion 
relative to birth and time of first stool passage was not assessed.  We also did 
not investigate relationships between maternal  or neonatal  serum magnesium 
concentrat ion and t ime of first stool passage. It is possible that such factors 
might affect the time of first stool in preterm newborns.  
CONCLUSIONS 
In this s tudy of 200 premature  newborns,  we found delayed passage of first 
stool  in 16.5%. Immatur i ty  of bowel motor  function, absence  of the tr iggering 
effect that enteral  feeding has on gut hormones,  and higher f requency of 
debil itating condit ions, such as severe RDS, were assoc iated with delayed 
passage of first stool. Our findings also suggest  that antenatal  exposure to 
MgSO 4 was assoc iated with delay of first stool  passage in these preterm new- 
borns,  whereas  antenatal  exposure to betamethasone  had no significant effect 
on this timing. 
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